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CHARA~ISTICS OF A 1/8-sam MODEL 

OF THE X-lE A1L;WON 

By Williarn C. Moseley, Jr. 

An investigation m s  d e  in the Langley  high-speed 7- by IO-foot 
tumzel t o  determil2 the tr&nsonic hinge-moment character is t ics  of a low- 
aspect-rztio wing with  a  flap-type  control. The tests were m a d e  w i t h  a 
1/8-scele model of the  outboard 35 percent semispan o? the X-LE research 
airplane wing. .The model had an aspect   ra t io  of 1.80; a t ape r   r a t io  
of 0.74, and a  modified NACA 64A004 a i r f o i l .  The t e s t s  were mace through 

l eas t  27O, and a Mach nunber  range of 0.60 t o  1.08. The Reynolds nmber 
based on the mean aerodynamic  chord w2s approximately 2.0 x 10 . 

I an engle-of  -attack  rmge of -4' t o  IOo,  an aileron-deflection range of et 

6 
I 

The slopes of tine curves of hinge-moment coefficient  with  zngle of 
a t tack and control  deflection were gererally  constant  in  the subsonic 
range up t o  a &ch number of 0.90. The negative  valrres of the  hiage- 
mment  parameters  decreased s l igh t ly  between h c h  nmbers of 0.90 and 0.95, 
and above a Mach  nurnber  of 0.95 there were r&pid  negative  increases  until 
the values a t  a Mach  number of 1.08 were several  times  the  subsonic values. 

Extensive  research by the Ns t iona l  Advisory Ccazrmittee for  Aeromutics 
has indicated that ai r fo i l   th ickness  is  of p r h r y  importame in  the  per- 
formance of aircrz-et  designed t o  operete  in  the  transonic end susersonic 
speed rmges. As a resu l t  of these  findings, e 4-percent-thick,  aspect- 
ratio-& wing i s  being  installed on the Bell  X-1 reseerch  aiqlame t o  
further  evaluate  these  findings. Low-speed investigations  using a 1/4-scale 
model of t i i  new airphne  covzigurat ion  hve been mde t o  determine the 
s t z t i c  stability and control  charecterist ics,  and pressure  distributions 

I across   the  s lot ted  f lap and aileron. (See re fs .  1 and 2.) 
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The purpose of the  present  investigation is t o  determine  the  aileron 
hinge-moxent characterist ics  in  the  transonic speed  range. %%e t e s t s  were 
made with a 1/8-scale  nodel of the  outboard  35-gercent-semispan par t  of L. 

the X-LE reseercii  aiqle.ne w i x .  Because 02 differences  in  aspect  ratio,  
taper   ra t io ,  md re la t ive  span of the  eileron t o  xing span between the 
present wing  and the  ful l -scale  wing, a qiestior,   arises as t o  whether 
these  aileron hinge-norrrer?t data -will indicate w h a t  can  be  expected on the 
X-= airplane. It i s  f e l t  tht these hinge-moment data w i l l  give a r e l i a -  
ble  indicstion cf the  trends  expected on the  ful l -scale   a i rplme because 
the  nore  hiportant  parameters which d f e c t  hillge moments such as overhang 
balance,  seal, gaF, and trailing-edge  angle have been  simulated on tize 
model. Ti l i f t  aad rolli-w-monent data from the model t e s t s  are Rot 
indicative of what is eqec ted  of the  cm-plete model  of the X - U ;  however, 
they  &re  inchided  herein as a source of inf'omation. 

The tests were mace through a Mach nunber rznge of 0.60 t o  1.08, an 
angle-of-a%teck r a x e  of -4O t o  loo, end en  aileron-derlection rarrge 
between k 7 O  and *lo0. The Reynolds number based on the m e a x  aerodynamic 
chcrd  varied  with h c h  number fro=  aboat 1.70 x 10 6 t o  2.15 x 10 6 . 

SYMBOLS 

ch ei leron hinge-moment coefficient,  
Binge moment of ai leron about  hinge liEe 

24' q 

CL l i f t   coe f f i c i en t ,  
Twice l i f t  of semispan nodel 

SS 

rolli,3&-moment c se f f i c i en t   a t  plane of s p m t r y ,  about s t a b i l i t y  

x-axi s, Rol l ing  moment of serr-ispan model 
qSb 

q effect ive dynamic pressure  over  span of model, lb/sq f t  

X' area moyent  of z i leron rearward of hinge line, 0.00412 f t 3  

S twice wing area of semispsn model, 0.558 sq f t  

b twice spar- of seEispan model, 0.997 ft 

ba span of aileron, 0.427 f t  
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nee2  aerodyrmnic  chord,  based on relztiooship $Lb/2 c2dy 

(using theoret ical  tis), 0.564 ft 

l oca l  wing chord, f t  

a i leron chord equal t o  0.23, f t  

overheng-balance  chord equal t o  0.20c,, ft 

spacwise distence from reflection  plane, f t  

effect ive Mach nmber  over spec of Eodel, 
S 

everage  chordwise loca l  hkch number 

aspect  ratio, 

Reynoltis  nlumer of wing based on c 

angle of attack, deg 

aFleron  deflection, measured in  a  plane normal t o  hinge lille, 

- 

posit ive when t r a i l f r g  edge i s  below wing-chord plane, deg 
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The subscript  outside  the  parentheses  indicates  the  factor  held  constant 
during  the measureTent of the ?erameters. 

MODEL AND APPARATUS 

Tie Eodel used f o r  this investigation, shown in   f igure  1, was a 
1 '9-scele  nodel of the oatboard 35 percent semispan of the X-lE wing and 
h d  an  aspect  ratio of 1.80, a taper   ra t io  of 0.74, Oo sweepback  of the 
O.!cO-clr,ord line, and a xodified NACA 6kAOO4 a i r foi l   sect ion.  The part  
or' Lhe wing rearward of the 0.70-chord line had a s t ra ight- l ine  fa i r ing 
sv tht  the   t r a i l i ng  edge hed a constant  percentage  thickness  equal t o  
0 . 0 0 3 ~ ~  which gave a trailing-edge cngle of 4 .lo. The forward par t  of 
the wing was constructed  with a s t e e l  core and a plastic  finished  surface. 

The 0.25~  flap-type  aileron extended from the o.o86b/2 model s ta t ion  
t o   t h e  0.94%/2 model station, and had a 0 . 2 0 ~ ~   ( 0 . 0 5 ~ )  overhang balance 
which extended from the  O.l7lb/2 model s t a t i o n   t o  the 0.943b/2 model 
s ta t ion.  The gap between the  eileron and w i n g  was 1/64 inch and was l e f t  
unsealed f o r  these tests. The aileron had e. s tee l   sgar  .sad a spruce 
trailing-edge  part that was covered with silk. In   order   to  minimize the 
possibi l i ty  of coupled  wing-aileron f lu t te r ,   the  f lap  was s t a t i ca l ly  mass 
balanced by a tungsten  inser t   in  the s t e e l  overhang as shown in  f igure 1. 
The aileron was at tached  to   the wing by simple bearing  hinges a t  each 
end. The model was mounted  on an  electrical  strain-gage  balance system 
which was attzched r igidly t o  the tunnel wall, and the l i f t  and rol l ing 
moment were indicated ky means  of calibrated  potentimeters.  The hinge 
rod a t  the  inboard end of the aileron extended beLow the  reflection  plane. 
To this rod a ca l ibra ted   e lec t r ica l   s t ra in  gage was attached and was used 
t o  give  an  indication of the ai leron hinge moments. 

TESTS 

The t e s t s  were =de i n   t h e   h n g l e y  high-speed 7- by 10-foot  tunnel 
with  the  side-wall  reflection-plane test setup. This technique  involved 

- 



NACA RM ~ 3 5 ~ 0 6 ~  5 

the ~ounting of the Eodel i n  a high-velocity  flow field over a ref lect ion 
plate mounted near the tunnel sick well. (See ref. 3. ) " 

Typical  contows of the loca l  Mach  number Cn the  vicini ty  of the 
model location obtai-ned with DO model i n  place are shorn- i n   f i g a r e  2. 
The effect ive test Mach nmbers were obtained frm simikr contour  charts 
with the relationship 

The ver ia t ion of Reynolds nunber based on a m a n  aeroaynanric  chord 
of 0.364 foot with Mach  number is presented i n  figure 3 .  The width of 
the band i n  figure 3 represeats the mxb-m  va r i a t ion  of Reynolds number 
w i t h  chznging  atmossheric  cor-ditions. 

S t a t i c  rzeesuremerts of lirt, ro l l ing  moment, and ai leron hinge moment 
were obtained  through a Hach  number range of 0.60 t o  1.08, an  angle of 
attack  rsnge of -4' to loo, and a rmge of a i leron  def lect ions which m i e d  
from zbout *IOo a t  the low Ymch nmbers   to  about -17O at the higher Mach 
nunbers. The l i fe  data represent <he eerodynanic e f f ec t s  that would be 
obtained on a complete wing with both  surfaces  deflected  in the same direc- 
t i o n  as full-span flaps. 

No corrections have  been appl ied   to  the data f o r  hinge  f r ic t ion,   for  
the chordwise and spanwise veloci ty   gradients ,   or   for   dis tor t ion of the 
model due t o  air loed; bit these  corrections are bel ieved  to  be small. 
Flap deflections have been  corrected  for twisting clf the  hinge  rod of 
small dimeter between the hinge-nomerrb s t r a i n  gage and the control. 
Flap-deflection  corrections were determined from e s t a t i c  hinge-moment 
celibration and were applied  according t o  the Easured t e s t  hinge moment. 
This correction was lerge aJ?d f o r  extrene loadins  conditio?ls was about 
40 percent of the or ig iml   con t ro l  setting. Despste the large  correc- 
tions  apglied,  the f i n 2 1  deflections  presented  are  believed  to  be reliable 
since  care was taken not t o  exceed the proportionel limit of the hinge 
rod. Aileron  deflections  presented ere f o r  the midspan of the ai leron 
and are  considered  average  deflections. 

No reflection-plme  corrections have  been eppl ied   to  the data f o r  
the rolling-moment coefficient as plotted  against  6, but the param- 
e t e r  C given i n  this paper has been  reduced by a fector  obtained frm 

unpublished  experimental data obteined a t  low speed (M = 0.25) and 
26 
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theoretical  considerations. Although the  reductions  are  based on incan- 
pressible conditions and are  only val id   for  low Mach numbers, they were 
apglied throwhout Vne  Mach  number range in   order   to   give a bet ter   repre-  
sentation of the  t rue  codi t ions  than would be shown by the  uncorrected 
data. For the  cor?figuration of the  present  investigation, the correction 
was asplied as follows: 

The l i f t  data  represent  the  aerodymic  effects that would be obtained 
on a  cmplete wing with  both  control  surfaces  deflected  in  the sane direc- 
t i o n  and, therefore, no reflection-plane  corrections are necessary. 

RESULTS AND DISCUSSION 

A s  pointed  out  previously i n   t h i s  paper,  the =ode1 used i n  this 
investigation  vas a 1/8-scale model  of only the outboard 35 percent semi- 
span of the X-lE wing. Althocgh this   presects  an inmediate problem as 
to   the   d i rec t   appl icabi l i ty  of the data t o  the X-= airplane, it i s  f e l t  . 
that becwme the  a i r foi l   sect ion is  the same as that of the X-1E airplane 
the trends of the hinge-mment parmeters  and the  variation with Mach 
number should  be similar t o  those  for a conplete  semispan model. Lift- 
and rolling-nomenti-coefficient data have a l so  been  included as e. source 

of inf'omation. Because of large differences in bA aspect  ratio, and 

taper  ratfo,  the l i f t  and rolling-moment data would  be quite  different 
fram  those  obtained on a model of the complete semispan; however, these 
par=-eters are f e l t   t o  have only a ninor   effect  on the magnitudes and 
varist ions of hirge mment. 

b/2' 

The data are Dresented i n  the following  figures: 

Figure 
Variation of lift, rolLing-;lloment, and hinge- 

moment coefficients w i t h  ai leron  deflection 
for  n r i o u s  engles  of  attack and Mach numbers . . . . . . . . . 4 

Mach  nnmber . . . . . . . . .. . . . . . . . . . . . . . . . . . 5 

with Mach nmber . . . . . . . . . . . . . . . . . . . . . . . 6 

Variation of hinge-moment parameters w i t h  

Vsriation of lift and rolling-moment parameters 
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- 
Hinge Mm~nt 

., The hinge-monent-coefficient data in   f igure  4 show that the  veri-  
a t ion  of hinge-mment coefficient with aileron  deflection was  l i nea r  only 
over a small deflection range near zero  deflection,  with  hrge  increases 
in  hinge moment at the higher  deflection angles. The hFnge-moment- 
p a r e t e r  data ( f i g .  5 )  show very l i t t l e  variat: ion i n  

n-mber up to about M = 0.95 w h e r e  .zn abrupt  negative  increase i n  % 
occurred; a t  M = 1.08  the  negetive  value of % was about  four times 
a5 large as the value a t  M = 0.93. The veriat ion of C k  w i t h  Mach 
number w85 small up t o  M = 0.99. Between M = 0.90 and 1.0 there w a s  
a slight negative decrease in  whereas ebove M = 1 .O a sharp neg- 

a t ive   increase   in  % occurred. These t rends   in  hinge-moment-parameter 

var ia t ion w i t h  Mach nmber  are  very similar to variations  obtained w i t h  
swept-wlng corfiguretions, that is, elnost  constant at the lower Mach 
numbers with an abrupt negative  increase in the  vicini ty  of M = 0.95 
unt i l   sonic   or  low supersonic values are  several  tines the low subsonic 
values. (See refs. 4, 5 ,  and 6.) 

c% with Mach 

6 

6 

ch,‘ 
a 

The subsonic velues of C h  ard Chs obtained were approxi- 
mate- -0.0025 and -0.0067, respectively. These values cmpare  favorebly 
w i t h  the values of -0.0038 and -0.0083 obtained i n  the I-ow-speed tests 
of reference 1. The ai leron of reference 1 had a s l igh t ly   th icker  
trziling edge than  the  present model; this   di f ference  could  par t ia l ly  
account f o r  the s l igh t ly  higher negative values of C& end Chs. (See 
ref. &. ) Estinstes- f o r  the zilerons on the w i n g  with aspect   ra t io  4, 
based on the charts of reference 7 which were determined frox low-speed 
investigEtions,  indicate that $ and C”n6 would be -0.0035 &-ad -0.0090, 

respectively. 
U 

L i f t  and Rolling Moment 

The l i f t -coef f ic ien t  data i n  figure 4 show that the aileron was 
effective ifi producing l i f t  thro-out the Mach nmber r a se  up t o   t h e  
maximum Mach  number  of M = 1.08 where a loss of effect iveness   for  some 
angles of attack  occurred a t  the higher aileron  deflections.  As can be 
noted i n  figure 6, the l i f t  paraneter was geaerdly  constant  with 
Mach  number  up t o  M = 0.95. A t  M = 0.95 an abrupt  decrease i n  % 
occurred u n t i l   t h e  maxhun test Mach  number was obtained. The value 
of a t  M = 1.08 m s  approximately 40 percent of the value 

cLs 

6 



at M = 0.95. The l i f  t - c m e  slope t& as shown i n  figure 6 increased 
a s  Mach  number was increased up t o  ebout M = 1.0 where 2. slight  decrease 
i n  C occurred. A n  estimation of the lift-curve  slope based on the 

data of reference 8 gives a value of 0.040 which compares with a value 
of 0.042 at M = 0.6. 

I 

La 

The rolling-moment coefficient  data of f igure k show a variation 
with deflection and Mach  number very similar t o   t h e  l i f t  coefficient  data. 
The aileron-effectiveness  parameter was generally  constant with 

increase i n  Mach  number up t o  M = 0.95. Above M = 0.95, as the Mach 
number  was increased, Cz8 decreased until   the  value of Cz8 a t  M = 1.08 

was about 50 Fercent of the  value a t  M = 0.95. 

CONCLUDING REMARKS 

An investigetion was mde i n  the Langley  high-speed 7- by 10-foot 
tunnel   to   detemine the transonic hinge-moment character is t ics  of the 
aileron of the X-LE research ai-rplane. The variztions of the hinge-moment 
parameters Cha and Chs with Mach number were very sMlar  t o  those 
experienced on swept-wing configurations; that is, large negative  increases 
between Mach nunbers 0.95 and 1.00 until at  a Mach  number of 1.00 the 
values of C& and % were s e v e r d  times the  subsonic velaes. 

Langley Aeronautical  kboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va., May 25, 1955. 
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F.Lgure 11.. - Variation OF lift,, rolling-moment, and hinge-moment coefficients 
w i t h  aileron deflection f o r  various angles of attack and Mach  numbers. w I” 
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Figure J+ . - Continued. 
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Figure 4 .- Continued. 
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( e )  M = 0.95. 

Figure 4. - Continued. 
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Figure 4 .- Continued. 
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